BACKGROUND: Initiation of noninvasive ventilation (NIV) on the wards is not universally accepted. Medical emergency teams (METs) provide acute care and monitoring to deteriorating patients on the general wards. Whether it is safe for an MET to start NIV in ward patients with respiratory distress remains unclear. METHODS: We evaluated 1,123 MET calls in 30,217 ward patients between January 2009 and June 2011 from the prospectively maintained MET database in our tertiary care hospital. We identified ward patients with acute desaturation (< 90%) and tachypnea (breathing frequency > 28 breaths/min), for whom an MET was called. Subjects transferred to the ICU at the end of an MET call were excluded. The remaining ward subjects were divided into 2 groups: patients who were not started on NIV by the MET; versus patients who were started on NIV by the MET. The primary outcome was endotracheal intubation or ICU transfer within 48 hours of MET activation. Secondary outcome measures were 28-day mortality and ICU mortality. RESULTS: Two hundred thirty-eight MET subjects met the study criteria, and 109 immediate ICU transfers were excluded. Of the remaining 129 ward subjects, 54 were in the NIV group, and 75 in the no-NIV group. The NIV group subjects were sicker (mean Acute Physiology and Chronic Health Evaluation II score 17.6 ؎ 5.1 versus 14.4 ؎ 5, P < .001). Subjects with pulmonary edema, COPD exacerbation, or asthma exacerbation were more likely, while those with pneumonia were less likely to be placed on NIV. The primary outcome was reached in 2/54 (3.7%) of the NIV subjects and 12/75 (16%) of the no-NIV subjects (P ‫؍‬ .03). There was no significant difference (P > .30) between the groups in 28-day mortality (7.4% vs 13.3%) or ICU mortality (3.7% vs 8%). CONCLUSIONS: In selected ward patients, especially those with COPD or pulmonary edema, NIV can be safely initiated by an MET.
Introduction
Noninvasive ventilation (NIV) delivered via oronasal or nasal mask is an effective technique in the management of selected patients with respiratory failure. 1, 2 In patients with hypercapnic respiratory insufficiency NIV improves symptoms, decreases the need for invasive ventilation, and reduces the duration of hospitalization and mortality. [2] [3] [4] [5] [6] NIV is also used for managing respiratory symptoms associated with acute cardiogenic pulmonary edema, and minimizes SEE THE RELATED EDITORIAL ON PAGE 303 the need for intubation in these patients. 7 Investigators have also used NIV in asthma, pneumonia, neuromuscular disease, post-extubation, and hypoxemic and postoperative acute respiratory failure, with varying success. [8] [9] [10] [11] [12] [13] [14] [15] The timing and location of initiation of NIV has been evaluated by investigators. Early commencement of NIV in appropriate patients is associated with better outcomes, because delay can adversely affect the patient and increase the need for invasive ventilation. 2, 16 Application of NIV in various locations, including pre-hospital, emergency department, ICU, step-down units, and general wards, has also been studied. [17] [18] [19] [20] Because of lack of monitoring and adequate staffing, initiation of NIV is not universally accepted on the wards. 1 This is despite the presence of some supportive data that starting NIV on the wards may decrease the need for intubation and mortality. [21] [22] [23] [24] Nonetheless, the concern for starting NIV without monitoring on the wards is legitimate, as non-responding patients can go unnoticed and may deteriorate suddenly in the absence of close observation. 1, 25 Medical emergency teams (METs) provide immediate critical care expertise in evaluating, monitoring, treating, and triaging general ward patients. 26 In some hospitals, patients on the wards can be started on NIV during MET evaluation. These patients are different from the ward patients in the aforementioned studies, as they are evaluated, treated, and triaged promptly by the MET in a timely manner for their acute symptoms. Also, if the MET deems the patient stable to stay on the ward with NIV, the decision is usually made after some evidence of clinical stability and/or follow-up. So MET initiation of NIV on the wards appears promising and provides an intermediate solution to the lack of available monitored beds. To the best of our knowledge, only 2 studies have evaluated this practice. Cabrini et al applied NIV in a wide variety of settings outside the ICU, with a high success rate and few complications. 27 However, in another study, by Schneider et al, 60% of the patients placed on NIV were ultimately transferred to an ICU or high-dependence unit, which suggests against this practice. 28 These dissimilarities led us to investigate this question further.
We conducted this study to evaluate the outcome of NIV initiated for respiratory distress on the general wards in the context of MET encounters.
Methods
The ethical approval for the study was obtained from the institutional review board of our hospital, which is a 429-bed, Joint Commission International and Magnet accredited, tertiary care teaching facility, with active bone marrow and limited solid organ transplant programs, along with expert medical and surgical subspecialties. It has a fully equipped ICU with 18 combined medical-surgical beds, but no high-dependence or step-down unit. Data were retrieved regarding all the patients who had an episode of acute desaturation (saturation Ͻ 90%) and tachypnea (breathing frequency Ͼ 28 breaths/min) on the general wards in our hospital between January 2009 and June 2011. The same rule applied for patients who were already on oxygen.
Since 2007 the hospital has had a rapid-response alert system for patients in non-critical areas showing any signs of hemodynamic instability. Patients receiving palliative care or who have do-not-attempt-resuscitation orders are excluded from the rapid-response service, per institution policy. Ward nurses are the ones who usually initiate the system, via an overhead announcement system, and an MET responds within 5 min and attends to the patient. In our hospital an MET comprises an internal medicine physician (either a junior staff or a senior medical resident), a designated critical care nurse who carries an emergency medication box, a respiratory therapist, and a standby pharmacist for prompt delivery of any additional medications. The MET manages the patient along with the primary team, until the patient is stabilized or transferred to the ICU. In patients with respiratory distress the MET can initiate NIV via oronasal mask. The decision to initiate NIV is made by the MET physician, and is based on his/her clinical judgment on whether NIV is suitable in the given clinical scenario. There is no protocol in the hospital's MET policy to guide the MET physician to initiate NIV. Patients with contraindications to NIV (eg, recent esophageal, facial, or cranial trauma or surgery; markedly decreased level of consciousness; severe hemodynamic instability; persistent lack of cooperation; arrhythmia; acute ischemia; or active upper gastrointestinal bleeding) are not given a trial of NIV.
During the study period the NIV was set up and adjusted by the respiratory therapist, per hospital policy. The ventilators used during the study period for NIV included 
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Current knowledge
Noninvasive ventilation (NIV) use outside the ICU is controversial and has had varying success, depending on the severity of patient illness and the goals of therapy. Early application of NIV in the general wards, by a rapid-response team, to prevent ICU readmission, might be safe and effective.
What this paper contributes to our knowledge
Early application of NIV in the general wards by rapidresponse teams significantly decreased the need for intubation, with no impact on mortality.
Murrysville, Pennsylvania, from mid-2010). The ventilation modes used were CPAP, bi-level positive airway pressure, average volume-assured pressure support, or pressure control ventilation. Average volume-assured pressure support and pressure control ventilation were used as back-up modes in subjects who did not tolerate or did not respond initially to CPAP or bi-level positive airway pressure. The CPAP was initiated at 5 cm H 2 O and titrated up to a maximum of 20 cm H 2 O, based on the subject's condition. The bi-level positive airway pressure was started with an inspiratory pressure of 8 -10 and an expiratory pressure of 4 -5 cm H 2 O, up to a maximum inspiratory pressure of 20 cm H 2 O. The pressures were modified by the respiratory therapist to achieve acceptable tidal volumes, breathing frequency, and minute ventilation. If the subject was stabilized on the ward, the MET officially signed off and the subject was managed, with or without NIV, by the primary physician, as appropriate without any additional monitoring. The primary physicians were the ones who eventually discontinued NIV or made the decision to intubate per their clinical judgment. However, in cases where the subject was deteriorating from the onset of the MET call, or there was a lack of response to initial treatment by the MET, the intensivist was involved during the MET encounter for subject evaluation and ICU transfer. The MET signed off once the ICU transfer was complete.
Subjects and Study Variables
During the study period we evaluated all adult patients Ն 18 years old for whom MET was activated. Subjects with acute tachypnea and desaturation were included. Acute tachypnea was defined as a breathing frequency of Ͼ 28 breaths/min, and desaturation as S pO 2 of Ͻ 90%, per the hospital's MET activation criteria. The same rule applied for subjects already on oxygen. Subjects on oxygen were included if they had acute tachypnea and desaturation while on oxygen. The subjects were identified from the MET comprehensive database. These MET encounters were maintained prospectively, as part of hospital quality control processes, and subject information regarding the encounters was completed in real time by the MET team. The missing information not recorded in the MET encounter sheets was collected retrospectively from the electronic medical records and subject files. The subjects were admitted from the general wards, which are divided by specialty in our hospital. The wards included general medical/ surgical, nephrology, oncology (including hematological malignancies), cardiology, and neurology. These wards are not monitored, and the routine is that vital signs (including S pO 2 ) are measured every 4 hours, or sooner if clinically indicated. Patients admitted to the ICU from the other critical care units (eg, cardiothoracic), operating room, or emergency department were excluded because the METs do not serve those areas.
We excluded patients with tachypnea and desaturation for whom MET was not activated, patients for whom the MET was called erroneously, tracheostomized patients, patients recently (within 24 h) admitted to the wards from the emergency room, and palliative-care-only patients. We also excluded the patients who were immediately transferred to the ICU at the end of MET evaluation. Patients who remained on the wards were divided into 2 groups: those who were placed on NIV during the MET encounter, and those who were not placed on NIV but were kept on the ward. Both groups received unrestricted medical therapy per the discretion of the MET and the primary team.
We recorded age, sex, underlying chronic diseases, arterial blood gas values at the time of the MET evaluation, Acute Physiology and Chronic Health Evaluation II (APACHE II) scores at the time of the MET assessment (for laboratory data we took the worst values from the 6 hours around the MET call), and the reasons for the symptoms. For APACHE II score, if data were missing, the APACHE II score was recorded as normal. 29 
Outcomes and Analysis
The primary outcome variable was endotracheal intubation or ICU transfer within 48 hours of symptoms onset and MET activation. Secondary outcome measures were 28-day mortality and ICU mortality. The data were analyzed using the Student t test, one-way analysis of variance, and the Pearson chi-square test, as appropriate. Differences were considered significant at P Ͻ .05.
Results
There were 1,123 MET calls for 30,217 ward patients during the study period. Out of these, 238 were for acute tachypnea and desaturation. Twenty-six patients had an erroneous MET call initiated because of measurement error, were recently admitted from the emergency room, or were on palliative care only, and those 26 were excluded. Eighty-three subjects were immediately transferred to the ICU by the end of MET evaluation, and those 83 were also excluded. However, we did look at the intubation rate among that group, and it was 51% (n ϭ 42/83). The remaining 129 subjects were analyzed and divided into the NIV and no-NIV study groups (Fig. 1) .
The baseline demographics of the 2 groups are shown in Table 1 . There was no statistical difference in age, sex, or underlying disease. However, the NIV group subjects had lower arterial blood pH, higher bicarbonate, were more hypercapnic, had better symptomatic improvement in their breathing frequency, and MET spent more time with them during the MET call (Table 2 ) The NIV group also had higher APACHE II scores (Fig. 2 ) Subjects with pulmonary edema, COPD, or asthma exacerbation were more likely to be placed on NIV on the ward. Subjects with pneumonia or aspiration, who were deemed stable enough not to be intubated at the initial MET encounter and stayed on the wards, were less likely to be given NIV (Table 3) For the primary outcome, we found that the NIV group had a lower rate of intubation or ICU transfer: 3.7% versus 16% (P ϭ .03, Fig. 3 ) There was no difference in the time to the primary outcome (see Table 2 ), and no significant difference in 28-day or ICU mortality (Fig. 4) . The causes of death are listed in Table 4 . In regards to major complications from NIV, only one subject vomited and aspirated in the NIV group. We found no documentation of minor complications such as air leak or claustrophobia. Usually these are taken care of by the respiratory therapist or the physician.
Discussion
In an ideal situation, the best place to initiate NIV is a monitored setting with a good nurse-to-patient ratio. 30 However, with the growing shortage of ICU beds and lack of high dependence units in many hospitals, 19, 25, 31 the options are limited to either delaying NIV initiation or to starting it on the ward. Delay can result in patient deterioration and reduce the chance of NIV success. 2, 16 Studies have shown, with varying success, that NIV on the ward is feasible in selected populations. However, generalizing NIV use in all patients may not be appropriate.
We found in our study that after MET encounters for true tachypnea and desaturation, 4 out of 10 subjects were immediately transferred to the ICU. Out of the remaining ward subjects, another 4 out of 10 were placed on NIV for their symptoms and clinical condition. Even though the NIV subjects were sicker (as per APACHE II score) than the non-NIV subjects, they had significantly less intubation and transfer to the ICU, and NIV did not adversely impact their mortality.
Our study differs from the studies by Cabrini et al 25 and Schneider et al. 28 The Cabrini study was not done in a true MET context, where a single anesthesiologist worked as the MET to manage NIV. Cabrini included around 40% emergency department patients, which are not served by MET in our hospital. However, their percentage of patients with COPD and pulmonary edema (61%) and the severity of acidosis (pH 7.29) were similar to ours. In the Schneider study the patients were evaluated in a true MET context, but Schneider did not exclude immediate ICU transfers (60% of their total patients), which resulted in higher mortality (23.6%) among their patients without limitation of treatment, as compared to Cabrini (12%) and our (8%) study. Also, Schneider had a lower percentage of patients with COPD and pulmonary edema (39%).
Two practices we observed in our study, that sicker patients were immediately transferred to ICU without a trial of NIV on the ward, and that NIV was used in selected subjects, conform to the accepted practice regarding NIV. This explains the good outcomes in our NIV subjects on the wards. The MET did initiate the NIV in our subjects, but after initial stabilization they signed off, and the (20) .80
Values are number and percent unless otherwise indicated. Some subjects had multiple diseases, so the percentages sum to Ͼ 100%. NIV ϭ noninvasive ventilation subjects were kept on NIV with regular ward staffing and no additional monitoring. Our results suggest that this practice is safe in selected patients: 54 subjects were successfully managed on the ward with NIV, resulting in better resource utilization and cost savings. 32 Our no-NIV subjects had higher rates of intubation and transfer to the ICU than our NIV group. Several factors might explain those findings. The MET spent considerably more time with the NIV subjects, which might have resulted in better outcomes because of a higher level of initial monitoring and attention. 33 The no-NIV group had lower bicarbonate, reflecting the presence of non-respiratory problems contributing to their tachypnea. This can explain why pneumonia and sepsis were the main reasons for the outcomes in the no-NIV group. Whether the no-NIV subjects would have benefited from NIV (as they were felt not to be sick enough to be intubated in the MET encounter) or would have benefited from being transferred to the ICU immediately, is unclear, and future studies should focus on such patients. Our focus mainly was on the safety and outcome of the NIV subjects, which in the context of MET calls seemed to do ok. Values are number and percent. Due to rounding, the percentages may not sum to 100. NIV ϭ noninvasive ventilation
Our study has a few clinical implications. It emphasizes immediate triaging to the ICU of high-risk patients with impending severe respiratory failure without a trial of NIV on the ward. Both in our study and Schneider et al's, such patients had a high rate of intubation. 28 However, our results show that not all the patients requiring NIV need to go to a higher level of care, as was suggested by Schneider et al. NIV can be safely initiated by the MET in selected patients, especially those with COPD, asthma, or pulmonary edema. Such patients can stay on the ward unmonitored, even after the MET signs off. This practice provides a safety net for ward patients, by brief initial monitoring by the MET: a practice that can help alleviate concerns regarding the safety of such patients. The ward subjects in our study, who deteriorated in both groups, did so within an average of 9 -10 hours. So we propose that METs follow these patients for that duration, as an additional precaution. The logistical and financial implications of these suggestions seem better than an actual ICU transfer in these patients.
Our study has a few limitations. First of all it is a retrospective study of prospectively gathered data, and has the shortcomings of such studies. The triaging capabilities of different physicians vary, and that can impact the outcome. 34 This was also a single-center study, and the outcomes might be better or worse for similar patients at other institutions. Our METs were led by an internal medicine physician accompanied by a respiratory therapist. A MET without a respiratory therapist might have different results. Our population consisted of tertiary care patients, and results may differ in other patient populations.
We do not have outcome data on patients who met the MET criteria but for whom a MET was not called. The safety and success of NIV administered in a general ward is determined by an appropriate patient selection, identifying those who can benefit from NIV and those who are at risk of NIV failure. The retrospective nature of the study limited our ability to identify which triage characteristics the MET physicians used for initiation or non-initiation of the NIV. Future studies should be designed to answer these important questions.
Conclusions
Based on our results we suggest that, for selected patients, especially those with COPD or asthma exacerbation or pulmonary edema, NIV can be safely started in the context of an MET evaluation. Not all patients on NIV need to be transferred to an ICU. Even in the absence of close monitoring on the ward, our NIV subjects had lower rates of intubation and transfer to the ICU, without adverse 
